ABSTRACT: Degree of unsaturation of fatty acids, which is influenced by lipid source and level of metabolism in the rumen, is a major determinant in how dietary lipids affect genes that regulate beef marbling. A total of 28 Red Norte bulls with an initial live weight of 361 ± 32 kg (P > 0.05) were used in a completely randomized experimental design to analyze the expression of genes that are involved in lipid metabolism in the longissimus dorsi (LD) when diets contained soybean grain or rumenprotected fat, with or without monensin. Treatments were arranged as a 2 × 2 factorial, with 4 treatments and 7 replicates per treatment. Half of the animals that received soybean or rumen-protected fat were supplemented with 230 mg head −1 d −1 of monensin. Gene expression was analyzed by reverse-transcription quantitative PCR (RTqPCR). Expression of sterol regulatory element-binding protein-1c (SREBP-1c) in the LD muscle was not affected by lipid source or monensin (P > 0.05). There was an interaction effect (P < 0.05) between lipid source and monensin for peroxisome proliferator-activated receptor α (PPAR-α) and stearoyl-CoA desaturase (SCD) expression, where greater gene expression was found in animals fed soybean plus monensin and the lower gene expression was found in animals fed rumen-protected fat plus monensin. Expression of lipoprotein lipase (LPL) and fatty acid-binding protein 4 (FABP4) were greater (P < 0.05) in the LD muscle of animals fed soybean. Monensin had no effect on LPL and FABP4 expression when soybean without monensin was fed, but when rumen-protected fat was fed, monensin increased LPL expression and decreased FABP4 expression (P < 0.05). Linoleic and arachidonic acids had negative correlations (P < 0.05) with the expression of PPAR-α, SCD, FABP4, and LPL genes. PPAR-α gene expression was not correlated with SREBP1c but was positively correlated with SCD, FABP4, LPL, and glutathione peroxidase (GPX1) gene expression (P < 0.001). Lipid sources and monensin interact and alter the expression of PPAR-α, SCD, acetyl CoA carboxylase α (ACACA), LPL, FABP4, and GPX1. These changes in gene expression were most associated with arachidonic and α-linolenic acids and the ability of lipid sources and monensin to increase these fatty acids in tissues.
INTRODUCTION
Lipid-rich feedstuffs can improve the unsaturated fatty acid (UFA) profile of beef. However, information is lacking regarding all mechanism responsible for fat deposition (Hiller et al., 2011; Wang et al., 2012) . Furthermore, more specific responses that are associated with lipid synthesis mechanisms can be obtained by evaluating the expression of genes that are involved in lipid metabolism, and will aid researchers in discovering new nutritional strategies and technologies to improve quality of beef. Nevertheless, the number of studies investigating gene expression in ruminants remains small (Herdmann et al., 2010; Lee et al., 2011; da Costa et al., 2013) , and even fewer studies involve the analysis of multiple genes.
Lipids affect gene expression by inducing or inhibiting genes that encode specific enzymes involved in lipid metabolism (Jump, 2002) or transcription factors. Among transcription factors and nuclear receptors that are involved in lipid metabolism, an emphasis can be placed on sterol regulatory element-binding protein-1c (SREBP-1c; Xu et al., 2001) and peroxisome proliferator-activated receptor α (PPAR-α) because they are master regulators of lipid metabolism.
Soybean and rumen-protected fat (RPF) or calcium soaps are commonly used as lipid sources in ruminant diets, which can increase the amount of UFA reaching the small intestine. In addition to these lipid sources, additives that modify rumen microbial population and consequently the efficiency of ruminal biohydrogenation can also change the availability of UFA in the small intestine (Fellner et al., 1997) . Of these additives, ionophores are important due to their high efficacy at modifying ruminal fermentation.
Our hypothesis was that the use of highly unsaturated lipid sources in addition to monensin will increase UFA reaching muscles, which will in turn increase mRNA synthesis of transcription factors and other important proteins involved in lipid metabolism. Therefore, the objective of the present study was to analyze the gene expression of PPAR-α, , acetyl CoA carboxylase α (ACACA), lipoprotein lipase (LPL), fatty acid-binding protein 4 (FABP4), and glutathione peroxidase (GPX1) in the muscle of young bulls fed diets containing soybean or RPF, with or without monensin. In addition, a correlation analysis among gene expression and fatty acid profile of beef was conducted.
MATERIALS AND METHODS
The animal care and handling were approved by the Federal University of Lavras Animal Care and Use Committee before the research was initiated and followed established standards for humane care and use.
Experimental Design, Animals, and Diets
This study was performed at the Beef Cattle facility and the Plant Molecular Physiology Laboratory, both located at the Federal University of Lavras, Lavras, Minas Gerais, Brazil. A total of 28 Red Norte young bulls with an average initial age of 20 mo and an average initial live weight of 361 ± 32 kg were used in a completely randomized design experiment. Treatments were arranged as a 2 × 2 factorial, with 4 treatments and 7 replicates per treatment. Animals were part of another study published by Ladeira et al. (2014) . Corn silage was used as the roughage source and 2 types of concentrates were used as lipid sources (Table 1) . One concentrate contained ground soybean and the other contained rumen-protected fat from soybean oil (Megalac-E, calcium salts of long-chain fatty acids, Arm & Hammer, Church & Dwight Company, QGN, Brazil). Megalac-E is the rumen-protected fat commercialized in Brazil and it is made from soybean oil, which represents a greater concentration of UFA compared to the regular Megalac utilized in the United States, which is made from palm oil (60.6 and 45.0% UFA, respectively). Half of the animals that received each concentrate (soybean or rumen-protected fat) were supplemented with 230 mg head −1 d −1 of the ionophore monensin (Rumenpac, M.Cassab, São Paulo, Brazil) during the experimental period. Therefore, we assessed the following treatments: a diet containing ground soybean without monensin (SB), a diet containing ground soybean and monensin (SBM), a diet containing rumen-protected fat without monensin (RPF), and a diet containing rumenprotected fat and monensin (RPFM). The experiment lasted for 84 d and was preceded by a 14-d period for animal adaptation to the diets and facilities. The animals were housed in "open air" group pens according to the diets (1 pen per treatment). Pens provided cattle with 30 m 2 per animal and they were fed twice a day at 0700 and 1400 h. All pens were adjacent to each other, with only 28 m from beginning to end.
The animals were slaughtered at an average live weight of 463 ± 18.7 kg (P > 0.05) by captive bolt and exsanguination, followed by hide removal and evisceration, without electrical stimulus. The carcasses were identified, washed, and divided into halves, which were individually weighed and then refrigerated at 2°C for 24 h. Following this period, 2 samples were collected from the longissimus dorsi (LD) muscle between the 12th and 13th ribs of each animal. All of the instruments that were used for the tissue collection were sterile. The muscle samples were washed with a 0.9% NaCl physiological solution. The first sample was stored in plastic bags at −20°C for subsequent lipid extraction and fatty acid analysis and the second was wrapped in aluminum foil, frozen, and transported in liquid nitrogen and stored at −80°C.
Intramuscular Fat Analysis
For determination of the intramuscular fat, 2 g of meat sample was homogenized in a multiprocessor to obtain a homogeneous mass and lipid was extracted using the Soxhlet method (AOAC method 945.16).
Fatty Acid Analysis
The muscle lipids were extracted according to Folch et al. (1957) and methylated according to Hara and Radin (1978) . The transmethylated samples were analyzed using a gas chromatograph (GC-2010, Shimadzu, Kyoto, Japan) with a flame ionization detector and a 100-m-long capillary column of 0.25 mm internal diameter and 0.20 μm thickness (SP-2560, Supelco, Bellefonte, PA). Hydrogen was used as a carrier gas at a flow rate of 1.8 mL/min. The chromatographic conditions were as follows: the initial column was incubated at 140°C for 5 min and the temperature increased by 4°C/min until reaching 240°C. Following this, a temperature of 240°C was maintained for 30 min. The injector and detector were both maintained at 260°C. The fatty acids were identified by comparing the retention times with butter fatty acid standards. The fatty acid percentage was obtained using the ChromQuest 4.1 software (Thermo Electron, Milan, Italy). The Δ 9 desaturase and elongase enzyme indices were determined according to (Malau-Aduli et al., 1997) 
Gene Expression Analysis
The design of target and reference primers was performed using sequences that are registered and published in the GenBank public data bank, a National Center for Biotechnology Information (NCBI) platform. For the gene characterization, the open reading frames (ORF) of the selected sequences were obtained using the ORFinder tool from NCBI and the sequences of the codified proteins were obtained using the translate tool from the ExPASy protein bank. The primers (Table 2) were designed using the OligoPerfect Designer software (Invitrogen, Karlsruhe, Germany).
Total RNA was extracted from the LD muscle samples using QIAzol (QIAGEN, Valencia, CA) and treated with DNA-free DNase (Ambion, Austin, TX) according to the manufacturer's instructions. For the analysis of the 28S and 18S bands of the rRNA, the total RNA was electrophoresed in a 1.0% (m/v) agarose gel, stained with GelRed nucleic acid gel stain (Biotium, Hayward, CA), and visualized with a UVItec FireReader XS D-77Ls-20M (UVItec, Cambridge, UK). The RNA quantity (ng/μL) and quality (260/280 and 260/230) were quantified using a spectrophotometer (NanoDrop Spectrophotometer ND-1000, Thermo Scientific, Wilmington, DE) at 260 nm.
The cDNA synthesis was performed using the HighCapacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA) according to the manufacturer's instructions. Then samples were stored at −20°C.
For the quantitative gene expression analysis by reverse-transcription quantitative PCR (RT-qPCR), the ABI PRISM 7500 Real-Time PCR model (Applied Biosystems) was used with the SYBR Green detection system (Applied Biosystems). The RT-qPCR program was as follows: 50°C for 2 min, 95°C for 10 min, 40 cycles of 95°C for 15 sec, 60°C for 1 min, and 95°C for 15 sec. The data were collected and stored with the Os 7500 Fast Software (Version 2.1; Applied Biosystems). For each reaction, 1.0 μL cDNA (10 ng/μL), 0.3 μL of each primer (1.5 μM; forward and reverse), and 5.0 μL SYBR Green Master Mix were combined in a 10.0-μL/sample final volume in a 96-well MicroAmp Optical plate (Applied Biosystems). The RT-qPCR analyses for each studied gene were performed using cDNAs from 7 biological replicates, with 3 technical replicates per biological replicate. The results were normalized using the threshold cycle (C T ) method for the expression of the reference genes β-actin and glyceraldehyde-3-phosphate dehydrogenase.
The C T was determined by the total number of cycles using the comparative C T method. As one requisite of this method, a validation assay was performed to demonstrate that the amplification efficiencies of the target and reference genes were approximately the same (Table 2 ). Standard curves were generated for the studied genes with the following dilutions: 1:5, 1:25, 1:125, 1:625, and 1:3125.
The relative expression levels were calculated according to the method described by Pfaffl (2001) which is based on Ct values that are corrected for the amplification efficiency for each primer pair.
Statistical Analysis
A Shapiro-Wilk test was performed to check the normality of the data. When the data did not have a normal distribution, the data were transformed using PROC RANK from SAS 9.3 (SAS Inst. Inc., Cary, NC). An ANOVA was performed, followed by a Tukey test to determine the statistically significant differences between the averages of the different treatments using the PROC GLM from SAS 9.3. The Pearson correlation coefficients were calculated using the PROC CORR from SAS 9.3 as well. The correlation analyses were based on individual values and were independent of the diets or treatments. For correlation analysis, we used 28 observations or 1 observation for each animal of the study. Values at P < 0.05 were considered significant. The correlations analyzed in this study used the fatty acid profile that was published by Ladeira et al. (2014; see Supplemental Material) .
RESULTS AND DISCUSSION
Despite the fact that monensin supplementation increases propionate, which increases blood glucose and insulin, and despite the fact that insulin can activate SREBP-1c expression in hepatocytes (Kim et al., 1998) and adipocytes (Fortez et al., 1999) , expression of this transcription factor in the LD tissue was not significantly affected by monensin or lipid source (Fig. 1) . However, there was an interaction between lipid source and monensin for PPAR-α expression in the LD tissue. PPAR-α expression was greater in the LD tissue of animals fed SBM than in animals fed SB, but PPAR-α expression was not affected in the LD tissue of animals fed rumen-protected fat. The interaction may be due to the different types of fatty acids in SB vs. RPF and level of protection from ruminal biohydrogenation in each type of lipid source.
All PPAR isoforms that have been analyzed in nonruminants, especially in pigs, are sensitive to long-chain saturated fatty acids and PUFA. In general, in the majority of the non-ruminant species studied so far, PPAR-α seems Table 2 . Sequences (5' to 3') and efficiencies of the primers that were used in the reverse-transcription quantitative PCR (RT-qPCR). to have greater affinity for unsaturated fatty acids than for saturated fatty acids (Bionaz et al., 2013) . Because ionophores can decrease biohydrogenation of UFA (Van Nevel and Demeyer, 1995) , monensin may have been particularly beneficial for increasing PUFA reaching tissues in the soybean treatment, which contained a greater concentration of PUFA compared to the RPF treatments (56.5 vs. 33.5%, respectively). According to Jenkins et al. (2003) , monensin increases concentrations of C18:1 trans-10, and lipid sources used in this study may have changed this effect. However, there is no data in the literature about the effect of intermediate fatty acids from biohydrogenation (i.e., transfatty acids) on PPAR expression. Because the rumen-protected fat contained more saturated fat, this could explain why monensin did not increase activation of PPAR-α in rumen-protected fat diets. According to Huang and Xie (2004) , PPAR isoforms may also be a factor affecting intramuscular fat (IMF) content. However, our results indicate that IMF content and gene expression of PPAR-α and the other genes had no correlations (Table 3) . Therefore, changes to gene expression were due to differences among the diets.
Another explanation for the effect of monensin on PPAR-α expression in the LD tissue is the gene expression of FABP4 (Fig. 3) , which was lower when animals were fed rumen-protected feed as well. This carrier protein is important for channeling intracellular long-chain fatty acid (LCFA) to the nucleus and activates PPAR (Bionaz et al., 2013) .
Fatty acids act directly on the nucleus by binding to and regulating the activity of specific nuclear receptors (Jump et al., 2008) , thus playing a central role in the regulation of genes involved in fatty acid uptake by the muscle cells (Ntambi and Bene, 2001) . Several genes that respond positively or negatively to fatty acids are also responsive to PPAR-α due to the presence of a binding region for PPAR-α in their promoter region (Duplus et al., 2000) . It is, therefore, possible that some fatty acids regulate SCD gene expression via PPAR-α.
An interaction between monensin and lipid sources was observed for SCD, similar to what was seen for PPAR-α, where mRNA expression was greater in the LD tissue of animals fed SBM compared to SB (Fig. 2) . Furthermore, SCD expression was lower in the LD tissue of animals fed RPFM compared to RPF. SCD presented the greatest expression difference among the diets, indicating that diet manipulation is very effective at altering its expression. The greater PPAR-α gene expression when animals received SBM is one explanation for increased SCD expression due to the significant correlation between PPAR-α and SCD (Table 4) . A significant positive correlation between SCD and PPAR-α gene expression was also observed by Hebbachi et al. (2008) in a study with rats and by Shi et al. (2013) , who worked with dairy goat mammary epithelial cells. However, different results were reported for cattle (Waters et al., 2009) . It should be noted that studies evaluating gene expression correlations in cattle are recent and scarce in the literature. Nevertheless, in human cells, it has been confirmed that SCD can be controlled by SREBP-1c and PPAR-α (Renaville et al., 2006) and, according to Miller and Ntambi (1996) , a peroxisome proliferator-activated receptor response elements has been localized in the SCD promoter that confers peroxisome proliferator responsiveness. In cattle, Waters et al. (2009) observed that a decrease in the SCD response was directly associated with the level of SREBP-1c expression, which was not observed in the present study.
Beyond the indirect effect of PPAR-α on SCD expression, the protection of PUFA from biohydrogenation in rumen-protected fat diets may be another explanation for the SCD expression results. It is possible that monensin further increased the PUFA reaching the small intestine and thus the availability of PUFA in the LD tissue of animals fed rumen-protected fat, which would decrease SCD expression (direct effect). Polyunsaturated fatty acids have been reported to decrease the expression of the SCD gene in different animal species and tissues (Flowers and Ntambi, 2008; Waters et al., 2009; Jacobs et al., 2011) . Some authors have suggested that PUFA may regulate the expression of the adipocyte SCD gene by acting on the stability of mRNA transcripts (Sessler et al., 1996; Bernard et al., 2009 ). Other authors proposed that PUFA n-3 may affect SCD gene transcription by regulating the nuclear abundance of the mature sterol response element binding protein-1 (i.e., nSREBP-1; Hiller et al., 2011) . Dietary PUFA are subjected to extensive ruminal biohydrogenation (Jenkins, 1993) , and inhibiting this pathway could potentially increase the concentration of PUFA reaching tissues, causing a reduction in SCD gene expression in ruminants (Pavan and Duckett, 2007; Herdmann et al., 2010) . Our previous results (Ladeira et al., 2014 ) with these same animals indicates the use of rumen-protected fat compared to soybeans increased linolenic (0.48 vs. 0.32%; P < 0.05) and arachidonic acid (0.07 vs. 0.04%; P < 0.05) concentrations. In addition, the use of monensin increased arachidonic acid concentrations (0.06 vs. 0.03%; P < 0.05) compared to no monensin, confirming the negative effect of PUFA on SCD when animals were fed with rumen-protected fat. Ladeira et al. (2014) also demonstrated that soybean increased CLA concentration in the LD (0.72 vs. 0.61%; P < 0.05; mean values for the diets) of animals fed soybean compared to those fed rumen-protected fat, and this result may be due to the greater gene expression and activity of SCD in the LD, which is able to convert the C18:1 trans-11 isomer (vaccenic acid), a ruminal biohydrogenation intermediate, into CLA. More than 80% of the total CLA in the tissue results from desaturation of vaccenic acid through the action of SCD enzyme (Pavan and Duckett, 2007) . Therefore, diets that increase PUFA uptake by muscles may reduce CLA content and beef quality.
An interaction between monensin and lipids source was also observed for ACACA gene expression, which suggests that the first steps of the de novo synthesis were affected by the diets. Monensin did not affect the expression of ACACA in the soybean diet, but when rumenprotected fat was used, monensin increased ACACA *P < 0.05, **P < 0.01, and, ***P < 0.001. Significances are highlighted by using bold letters. expression. Acetyl CoA carboxylase determines the rate of fatty acid synthesis and can be allosterically controlled, in addition to responding to hormonal and metabolic stimuli in all species (Munday et al., 1991) . Fat quantity in the LD tissue results from a balance between the diet's energy content and the animal's metabolic requirements (Oliveira et al., 2011) . In addition, substrate (i.e., glucose or acetate) availability for fat synthesis also influences intramuscular fat deposition (Gilbert et al., 2003) . Because the use of monensin increases the production of propionate and propionate is gluconeogenic, the use of monensin could result in greater glucose availability for de novo synthesis of fatty acids and may explain why ACACA gene expression was greater when animals were fed RPFM. In addition, rumen-protected fat diets contained soybean meal and more corn, which increased the starch content of the diets and provided more substrate for propionate synthesis in the rumen.
Expression of LPL and FABP4 in the LD tissue was greater in animals fed soybean than in animals fed rumenprotected fat and an interaction between lipid source and monensin occurred (Fig. 3) . Monensin had no effect on LPL and FABP4 expression when soybean was fed, but when rumen-protected fat was in the diets, monensin increased LPL expression and decreased FABP4 expression. LPL and FABP4 are responsible for uptake of fatty acids from blood into the cell. LPL hydrolyzes triglycerides inside lipoproteins and FABP4 is a carrier protein for fatty acids. According to Jurie et al. (2007) , a higher concentration of triacylglycerols circulating in the blood results in greater activity of the LPL enzyme, which can activate the FABP4 membrane transporter. Therefore, LPL and FABP4 have complementary functions, which are supported by the gene expression results and correlations in the present study (Table 4) . Although ether extract content of diets was similar (approximately 6.6% EE), fatty acid composition was different. Thus, because fatty acid composition and degree of biohydrogenation differed among the studied diets, there were potentially differences in the composition of the fatty acids absorbed in the small intestine that were available for uptake by the muscle tissue (Ladeira et al., 2014) . The greater C18 fatty acid content in soybean diet and the greater stearic acid content (15.6 vs. 12.7%; P < 0.05) in the muscle of animals fed soybean may therefore be responsible for the greater expression of LPL and FABP4, which is supported by our finding that both genes were positively correlated with stearic acid content of the LD (Table 5 ). In addition, the muscle of animals fed soybean had greater concentrations of C17:0 and C17:1, which were also positively correlated with the expression of LPL and FABP4.
SCD was also positively correlated with LPL and FABP4, indicating that its expression in LD tissue is directly associated with the preceding mechanisms that occur in the tissue, such as the breakdown of triacylglycerols by LPL and the transport of the fatty acids to adipocytes by FABP4 (Jurie et al., 2007) . The fact that FABP4 expression was lower in bulls fed RPF and RPFM may also be associated with lower PPAR-α expression, as the expression of the 2 genes was positively correlated. A comparative analysis of the FABP4 promoter region in mammals revealed that there are 2 PPAR-α binding sites in humans, rats, pigs, dogs, and cattle (Hausman et al., 2008; Shin et al., 2009) . The greater concentration of arachidonic acid in the muscle of animals fed RPFM (0.08 vs. 0.05%; P < 0.05) may explain the effect of the ionophore on LPL expression because, according to Joseph et al. (2010) , high levels of omega-6 supplementation can upregulate LPL expression. An interaction was observed between lipid sources and monensin on GPX1 gene expression. This gene encodes a member of the glutathione peroxidase enzyme family, which acts in the detoxification of hydrogen peroxide and is thus one of the most important antioxidants in mammals (Arteel and Sies, 2001) . Increased expression of GPX1 is correlated with increased shelf life of beef because it can decrease the effect of PUFA on off-flavor. Monensin increased the expression of GPX1 in the LD of cattle fed soybean but had no effect in the LD of cattle fed rumen-protected fat. Monensin can increase the proportion of UFA leaving the rumen and reaching the intestine (Wang et al., 2005) , where they can be absorbed and deposited in the muscle tissue, increasing the possibility of fatty acid oxidation and off-flavor. It is possible that increased GPX1 expression was a result of increased tissue PUFA, as the greater PUFA deposition in the muscle of animals fed soybean than in those fed rumen-protected fat (12.9 vs. 9.9%; P < 0.05) increased oxidation after 21 d of age (Ladeira et al., 2014) . Another possible explanation for increased GPX1 expression would be activation by PPAR-α, as the expression of the 2 genes were positively correlated (Table 4 ). In addition, the greater SCD expression in the animals fed soybean and monensin would increase the degree of fatty acid unsaturation in tissue, also potentially adding to off-flavor.
Among the fatty acids and gene expression correlations, α-linolenic (C18:3) and arachidonic (C20:4) acids stand out (Table 5 ). The correlations of these 2 fatty acids were negative for PPAR-α, LPL, FAPB4, and SCD, which demonstrate the existence of related and complementary mechanisms regulating the expression of genes involved in lipid metabolism. Similar to the results for the α-linolenic acid, the total ω-3 fatty acids had negative correlations with the expression of PPAR-α, LPL, FAPB4, and SCD genes. Furthermore, there was no correlation between the fatty acid profile and SREBP-1c, ACACA, and GPX1 expression (P > 0.05) or between any of the studied genes and the hypercholesterolemic fatty acid concentrations (C12:0, C14:0, and C16:0). However, there were similar correlations between the fatty acid concentrations and LPL and FABP4 expression, illustrating the complementarity of the mechanism associated with the products of these 2 genes (Fig. 3) . Jump (2008) observed that there was large variation in the effect of different types of ω-3 and ω-6 PUFA on PPAR-α and SREBP-1c expression, which contributes to the different effects of these 2 fatty acid families. Our results indicate the same because linoleic, α-linolenic, and arachidonic acids had different correlations with the PPAR-α expression and no correlation with SREBP-1c. Therefore, the effects of PUFA on PPAR-α and SREBP1c expressions are not the same; it is possible that some PUFA downregulate and other upregulate. This result helps to explain why, in the present study, only PPAR-α expression was affected by treatments.
In bovine liver cells, a lower level of induction of target genes was observed with an increasing degree of unsaturation (Bionaz et al., 2012) . In addition, palmitic and stearic acids strongly induced the transcription of PPAR-α receptors in the liver of ruminants (Kadegowda et al., 2009; Bionaz et al., 2012) , indicating the tissuespecific response of this gene. In addition, the present results suggest that genes are induced by long-chain fatty acids via the PPAR-α gene. The SCD is one important gene to study due to its role in synthesizing CLA (cis-9, trans-11-octadecadienoic acid) from vaccenic acid. The negative correlations between α-linolenic and arachidonic acids concentrations with SCD in the present study indicate that the use of feedstuffs rich in these 2 fatty acids may reduce the synthesis of CLA in the muscle and decrease its concentration. The results of the present study agree with those of Bellinger et al. (2004) , who observed that feeding a mixture of ω-3 PUFA, including linolenic acid, eicosapentaenoic acid, and docosahexaenoic acid resulted in a 50% repression of SCD mRNA expression in rats.
There was no correlation between CLA and SCD gene expression in the current study, which is in accordance with Ward et al. (2010) and Barton et al. (2011) . Therefore, despite the importance of the conversion of vaccenic acid into CLA, several other factors may influence the concentration of this fatty acid in the muscles of ruminants. Those factors include the level of lipids in the diet, fatty acid profile, degree of unsaturation of lipid sources, efficiency of biohydrogenation, and stearoyl CoA desaturase activity.
The correlation between SCD expression and PUFA contents in subcutaneous fat has been reported (Chung et al., 2007; Duckett et al., 2009) , but this result has not been described for muscle (Dance et al., 2009; Ward et al., 2010; Barton et al., 2011) . Our results indicate a specific regulation mechanism that is associated with gene expression in different tissues. Despite the fact that the changes in SCD expression depends on PUFA content, no significant correlations were observed between total PUFA content and SCD in the present study. Archibeque et al. (2005) reported that subcutaneous fat tissue has approximately twice as much SCD when compared to intramuscular fat tissue, which may explain the lack of a correlation between SCD expression and total PUFA content in the intramuscular fat tissue examined in the present study.
There was a correlation between elongase index and the expression of ACACA gene in the present study (Table 6) , which is responsible for encoding acetyl CoA carboxylase and this enzyme catalyzes malonyl CoA synthesis, the 2-carbon donor in the elongation of fatty acyl CoAs. Total and C18 desaturase indices were negatively correlated with the expression of LPL and FABP4, and the C14 desaturase index was negatively correlated with the expression of LPL, FABP4, PPAR-α, SCD, and GPX1. Some authors have estimated the desaturase enzyme activities in muscle tissue by calculating indices from fatty acid composition data to explain the variability that is observed in this composition (Malau-Aduli et al., 1997; da Costa et al., 2013) . Therefore, our results show that gene expression of SCD does not explain stearoyl CoA desaturase activity, as determined by a mathematical index. It may be that a mathematical index is not accurate or there are other factors affecting its SCD activity. Barton et al. (2011) observed positive correlations between SCD expression and the C14 desaturase index in the perirenal and subcutaneous fat and no correlations in the muscle, which is in contrast with our results for LD tissue. According to Barton et al. (2011) , the regions where fat deposition begins in the animal (the perirenal and subcutaneous fat) tend to always be positively and significantly correlated because the activity of desaturase in those areas is more pronounced and begins earlier.
In conclusion, lipid sources and monensin differentially affect mRNA expression of PPAR-α, SCD, ACACA, LPL, FABP4, and GPX1 in the LD tissue. Only SREBP1c expression was not affected by the diets. All genes had greater expression when animals were fed ground soybean plus monensin, indicating that soybeans increased the amount of activating fatty acids that reached tissues compared to rumen-protected fat and that monensin had an additive effect. Thus, lipid source and rumen metabolism can change fatty acid absorption and, consequently, expression of genes involved in lipid metabolism in the LD tissue. Arachidonic acid and α-linolenic acid had the greatest number of correlations with the studied genes, and those correlations were mostly negative.
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